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(54) Apparatus for the linear acceleration of electrons, particularly for intra operative radiation 
therapy 



(57) An apparatus for the linear acceleration of elec- 
trons, particularly for intraoperative radiation therapy, 
including: 

- an articulated structure (51) for moving a radiating 
head (32) that comprises an acceleration structure 
(39) constituted by a plurality of cavities (26); 
~ a modulator for generating, controlling, and trans- 
mitting a radio-frequency (34. 36) to the cavities (26) 
of the acceleration structure (39): and 



~ processing and control devices (30) adapted to 
control the apparatus; the modulator (34. 36) is sep- 
arate from the radiating head (32) and the connec- 
tion occurs by virtue of waveguide means (38) 
adapted to carry the radio-frequency to the acceler- 
ation structure (32). 
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Description 

The present invention relates to an apparatus for the 
linear acceleration of electrons, particularly for intraop- 
erative radiation therapy. 5 

Intraoperative radiation therapy is a therapeutic 
method used in treating deep neoplasms and consists 
in delivering a single intense dose of radiation onto a 
tumoral mass, preventing the dose from affecting the sur- 
rounding healthy tissues. 10 

Its field of utilization ranges from surgically inopera- 
ble tumors, to tumoral residues after partial surgical exer- 
esis, to a tumoral bed after full surgical removal. In this 
manner, by delivering the dose of radiation directly onto 
the tumor or onto the macroscopic or microscopic is 
tumoral residue, it is possible to spare the peritumoral 
healthy tissues that are instead affected by radiation in 
conventional radiation therapy with external beams. 

Currently there is growing interest in the use of this 
therapeutic method for a wide range of tumors, particu- 20 
larly those affecting the abdomen, the pelvis, and the 
chest. The association of this therapy with surgery and 
with conventional radiation therapy allows to considera- 
bly improve local control of advanced-phase neoplasms. 

Large electron accelerators, which allow to treat a 
patient both with an electron beam and with X rays, have 
been successful in the execution of this intraoperative 
radiation therapy. Use of electron-beam therapy offers 
high versatility in treating tumoral residues after surgical 
removal as well as tumoral masses deemed inoperable. 

However, large electron accelerators have some 
drawbacks which can limit their use. 

A first drawback can be found in their high cost. 

A second drawback is the considerable bulk of the 
apparatus. 

The real drawback of electron accelerators, how- 
ever, resides in the intense irradiation produced, which 
cannot be confined with simple movable panels, and 
therefore in the consequent need for heavily shielded 
work sites 

Special radiation -therapy bunkers are therefore built 
for this purpose with concrete walls one or two meters 
thick. The shielding of radiation-therapy sites is governed 
by specific safety regulations. 

For intraoperative radiation therapy, the patients are 
transferred under anaesthesia from the operating room 
to the radiation-therapy bunker, under constant monitor- 
ing; the subsequent steps of the process and, usually, 
the final step of the surgery being performed on the 
patient take place in said bunker. Only in rare cases the 
operating rooms are located directly in a bunker so as to 
simultaneously act as a radiation-therapy room as well. 

The need to transfer the patient to a location other 
than the operating room causes problems linked to the 
risks of transferring the patient under anaesthesia and 
to the time that elapses between surgical exeresis and 
subsequent radiation therapy. 

It is furthermore necessary to strictly schedule each 
operation according to the availability of access to the 



radiation -therapy site, and this increases the working 
time requirements and reduces the number of patients 
who can utilize this radiation therapy. 

Furthermore, in current electron accelerators the 
irradiation unit (known as "radiating head"), the modula- 
tor, and the components for therapy are assembled in a 
single block that is difficult to move due to its weight and 
size. 

This does not allow the radiating head to be placed 
precisely in space and to be moved in a flexible manner, 
so that the electron beam treats the entire tumoral mass 
involved, despite the irregular shape that said mass may 
have. 

In order to avoid this drawback, with the linear elec- 
tron accelerators used so far it is necessary to increase 
the cross-section of the radiation beam, with greater 
problems in terms of shielding and damage to healthy 
surrounding tissues. 

Finally, the difficulty in moving the radiating head 
makes it impossible to vary the dose of emitted radiation 
for each point of the tumoral mass, so as to administer 
the dose prescribed by the physician to each area. 

A principal aim of the present invention is therefore 
to provide an apparatus for the linear acceleration of 
electrons, particularly for intraoperative radiation ther- 
apy, which can be used directly in the operating room 
without special radiation-protective measures. 

Within the scope of this aim, an object of the present 
invention is to provide an apparatus for the linear accel- 
eration of electrons that allows the flexible and precise 
movement in space of the electron beam to treat tumoral 
masses having variable and different shapes. 

Another object of the present invention is to provide 
an apparatus for the linear acceleration of electrons that 
allows to provide the electron acceleration section sep- 
arately from the radio-frequency generation and control 
section. 

A further object of the present invention is to provide 
an apparatus for the linear acceleration of electrons that 
allows to achieve a very low X-ray level that can be easily 
shielded. 

Another object of the present invention is to provide 
an apparatus for the linear acceleration of electrons that 
allows to spatially vary the dose of radiation that is inci- 
dent to a given tumoral area. 

Another object of the present invention is to provide 
an apparatus for the linear acceleration of electrons hav- 
ing a modest size and weight. 

Another object of the present invention is to provide 
an apparatus for the linear acceleration of electrons that 
avoids the need for the external focusing and centering 
devices for the emitted electron beam that are present 
in prior-art accelerators. 

Another object of the present invention is to provide 
an apparatus for the linear acceleration of electrons that 
allows to eliminate the cathode from the acceleration 
structure. 

Another object of the present invention is to provide 
an apparatus for the linear acceleration of electrons that 
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is highly reliable, relatively easy to manufacture, and at 
competitive costs. 

This aim, these objects, and others which will 
become apparent hereinafter are achieved by an appa- 
ratus for the linear acceleration of electrons, particularly 
for intraoperative radiation therapy, characterized in that 
it comprises: 

an articulated structure for moving irradiation 
means that comprise an acceleration structure con- 
stituted by a plurality of cavities; 
-- modulation means for generating, controlling, and 
transmitting a radio-frequency to said cavities of said 
acceleration structure; and 
- processing and control means adapted to control 
said apparatus, said modulation means being sep- 
arate from said irradiation means, the connection 
occurring by virtue of waveguide means adapted to 
carry the radio-frequency to said acceleration struc- 
ture. 

Further characteristics and advantages of the inven- 
tion will become apparent from a preferred but not exclu- 
sive embodiment of the apparatus according to the 
invention, illustrated only by way of non- 1 imitative exam- 
ple in the accompanying drawings, wherein: 

figure 1 is a view of a known type of apparatus for 
the linear acceleration of electrons; 
figure 2 is a view of the configuration of the acceler- 
ation cavities for a known type of acceleration appa- 
ratus; 

figure 3 is a view of the configuration of the acceler- 
ation cavities for an acceleration apparatus accord- 
ing to the invention; 

figure 4 is a block diagram of an apparatus for the 
linear acceleration of electrons according to the 
invention; 

figure 5 is a lateral elevation view of a robot and of 
the radiating head connected thereto, said robot and 
said head being a part of the acceleration apparatus 
according to the invention; 

figure 6 is a flowchart of the steps for the character- 
ization of an area of the body of a patient to be 
treated with the apparatus according to the inven- 
tion; and 

figure 7 is a flowchart of the operating steps for scan- 
ning irradiation by using the apparatus according to 
the invention. 

With reference to figure 1 , the known acceleration 
apparatus comprises a radio-frequency modulator 1. a 
magnetron 2, cathode modulation means 3, circulation 
means 4, a load of cooling water 5, an acceleration struc- 
ture 6, a focusing magnet 7, a centering magnet 8, a 
deflector magnet 9. a beam diffuser 10, a beam equalizer 
1 1 , a beam applicator 12, and a beam collimator 13. 

Figure 2 illustrates in detail the acceleration struc- 
ture 16 of the acceleration apparatus of figure 1 , which 



is constituted by a set of acceleration cavities 16, by a 
cathode 1 8 connected to the first acceleration cavity, and 
by a titanium plate 15 aligned with the axis of the last 
acceleration cavity. 

5 The acceleration cavities 16 are enclosed by an 

external vacuum-tight jacket 1 4, and two magnets 1 7 are 
located outside said external jacket 1 4. The function of 
the two magnets is to induce the magnetic field strength 
that is required for the collimation of the electron beam 

io along the axis of the acceleration structure. 

With reference instead to figures 3, 4, and 5, the 
acceleration apparatus according to the invention com- 
prises control and processing means 30. 

The control and processing means 30 comprise: 

15 power supply means 31; processing means 40, which 
advantageously comprise a computer; the cooling sys- 
tem of the apparatus; the means for distributing motive 
power; and the safety devices (not shown). 

The control and processing means 30 are con- 

20 nected to modulation means 33 that comprise radio-fre- 
quency modulation means 34 connected to a magnetron 
35 and to cathode modulation means 36. The magnetron 
35 is protected from accidental load reflections by a fer- 
rite isolating system 37. 

25 Waveguide means 38, conveniently constituted by a 
flexible waveguide, connect the radiofrequency modula- 
tion means 33 to irradiation means, constituted by a radi- 
ating head 32 that comprises an acceleration structure 
39 constituted by a plurality of acceleration cavities 26 

30 (also known as resonant cavities) arranged in series one 
next to the other. The acceleration cavities are connected 
to each other by vacuum-tight braze welding. 

The acceleration cavities 26 of the acceleration 
structure 39 are designed so as to produce radio-fre- 

35 quency self-focusing along the X-axis of said cavities. 
Self -focusing has been obtained by using different length 
values for the first, second, third, fourth and fifth accel- 
eration cavities, so that the lengths increase from the first 
cavity to the fifth one and are constant for the subsequent 

40 cavities. Particularly, it has been found that the optimum 
lengths for the first, second, third, fourth and fifth cavities 
are 25mm, 40mm, 45mm, 48mm and 50mm, respec- 
tively. The energy of the electrons and their capture have 
also been treated for the first cavity, in which the elec- 

45 trons are not yet relativistic and the values of b and r 
(Lorenz parameters) vary appreciably. 

For an in-depth treatment of radio-frequency self- 
focusing of electrons, reference should be made to J. Liv- 
ingood, "Principles of particle accelerators", Argonne 

so National Laboratory, Van Nostrand Company, NY, 1961 . 
A cathode 28 is placed in front of the first accelera- 
tion cavity and is supplied by the cathode modulation 
means 36; a thin titanium lamina is arranged outside the 
last acceleration cavity for vacuum tightness. 

55 In figure 4, the reference numeral 41 designates a 
particular area of the body of a patient that must be 
treated by irradiation by means of the apparatus accord- 
ing to the invention. 
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Figure 5 is a lateral elevation view of the apparatus 
according to the invention, in which the reference 
numeral 50 designates a supporting structure fixed to the 
floor or resting thereon. 

An articulated structure 51 is located on the support- 
ing structure 50 and is meant to support and move the 
radiating head 32; adiaphragm 60 is applied to said radi- 
ating head in the position where the electronic beam 
exits. 

In detail, the articulated structure 51, commonly 
termed tube support, is constituted by a vertically 
arranged robot comprising four articulated and mutually 
interconnected segments designated by the reference 
numerals 51a, 51b, 51c, and 51d, which allow to arrange 
the radiating head 32 in any spatial position. 

The articulated segments 51a, 51b, 51c, and 51d 
are mutually pivoted so as to give the radiating head 32 
six degrees of freedom in space. 

In particular, the articulated segment 51a is rotata- 
ble about the rotation axis 52 of the supporting structure 
50 both clockwise and counterclockwise; the articulated 
segment 51b is rotatable in both directions about the 
hinge axis 53; the segment 51c is rotatable in both direc- 
tions about the hinge axis 54 as well as about the axis 
56; and the segment 51d is rotatable in both directions 
about the hinge axis 55. 

The reference numeral 57 designates a supporting 
post for an operating table 58. Said post rests on a footing 
59 that is moderately shielded, with respect to the floor, 
only if access to the rooms beneath the operating room 
is not prohibited during use of the apparatus according 
to the invention. Said shielding is not necessary other- 
wise. 

Control means, advantageously comprising a mov- 
able button panel 61 , control the apparatus according to 
the invention. 

Figures 6 and 7 are flowcharts of the operating steps 
of the apparatus according to the invention, which are 
handled by the processing means 40. 

With reference to the above figures, the operation of 
the apparatus for the linear acceleration of electrons 
according to the invention is as follows. 

The robot constituted by the articulated segments 
51a, 51b, 51c, and 51d allows to orientate the radiating 
head 32 so as to direct the electron beam exactly onto 
the region where the therapy is to be performed. The 
possibility of orientating the radiating head 32 allows to 
avoid expanding the beam and therefore allows precise 
treatment of the region to be irradiated, bringing the radi- 
ating head 32 very close to the region to be irradiated. 
This, in comparison with the minimum possible distance 
that can be obtained with known linear accelerators, 
which varies from 80 to 100 cm, allows the apparatus 
according to the invention to have a much higher effi- 
ciency, since there is no beam scattering and a much 
lower power level is thus required. 

Continuous measurement of the position of the var- 
ious articulated segments that constitute the robot 



occurs by means of a sensor system (not shown) with 
which the robot is equipped. 

The processing means 40 allow to predefine the 
desired movements of the articulated segments 51 a-51d 

5 that constitute the robot, and therefore of the radiating 
head 32, so that said radiating head closely follows the 
contour of the region to be irradiated; it is furthermore 
possible to set the desired doses of radiation for each 
point of the region to be treated. 

10 The modulation means generate and control the 
radio-frequency and feed to the cathode 28. The gener- 
ated radio-frequency is sent to the acceleration cavities 
by means of the flexible waveguide 38. 

The electrons that move along the axis of the accel- 

15 eration cavities 26 are gradually accelerated by the 
radio-frequency field inside each cavity 26 until they 
reach the desired final energy. The electrons exit from 
the acceleration structure 32 through the thin titanium 
lamina 25, the thickness whereof allows the electrons to 

20 pass therethrough without losing an appreciable part of 
the energy they possess. 

The radio-frequency electric field used to accelerate 
the electrons is produced by the magnetron 35, which 
feeds the acceleration structure 32 by means of the 

25 waveguide 38. 

The modulator of the cathode 36 feeds the cathode 
and synchronizes its operation so that the train of radio- 
frequency pulses that feeds the acceleration structure 32 
is matched by an emission of electrons on the part of the 

30 cathode. 

The beam of electrons is focused and accelerated 
simultaneously in the first cavities with a set combination 
of the cathode injection energy and of the length of the 
first, second, third, fourth and fifth cavities, and can pass 

35 through the center of the subsequent cavities of the 
acceleration structure after the peak of the radio-fre- 
quency, so as to undergo additional focusing. 

The beam of electrons is pulsed, and each pulse 
lasts 4 microseconds. The frequency of the pulses can 

40 be fixed or variable. 

Use of self-focusing of the electron beam allows to 
eliminate auxiliary devices used in known accelerators, 
and in this manner the electron beam does not encounter 
metallic masses along its path and therefore does not 

45 produce radiation, allowing to use the apparatus accord- 
ing to the invention directly in the operating room without 
particular protective measures. 

Use of the processing means 40 allows to use the 
apparatus according to the invention for mechanical 

so scanning irradiation. The operating procedures required 
for this scanning irradiation comprise four different oper- 
ating states of the acceleration apparatus. 
These four states are: 

55 ~ instruction step; 

- learning step; 

- verification step; and 

- therapy step. 
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Figure 6 is a block diagram of the sequence of steps 
for defining an area to be irradiated, which is called 
"source plane", performed by the processing means 40; 
in said figure, after the initial step 1 00, there is a step 110 
for selecting the plane on which the area to be irradiated 5 
lies; the step 1 1 0 is followed by the step 1 20 for selecting 
the inclination angle of the radiating head 32 with respect 
to the defined source plane; this is then followed by the 
step 1 30 for entering the vertices of the figure to be irra- 
diated, the step 1 40 for tracing the perimeter of the figure 
for confirmation, the step 1 60 for calculating the data for 
irradiation, the irradiation step 150, and finally the end 
step 170. 

With reference now to figure 7, when the patient is 
ready for electron therapy (step 200), the apparatus 
according to the invention is placed (step 210), by open- 
ing the articulated structure 51 , so that its beam direction 
indicator is trained on the center of the area to be treated. 
This movement is controlled by means of the movable 
button panel 61. 

At this point, the apparatus is placed in the learning 
state: the operator starts to move the beam over a path 
that coincides with the edge of the region to be treated; 
this path is developed over more or less spaced points, 
depending on the complexity of the profile, and the 
processing means 40 interpolate and connect the vari- 
ous points with straight segments or circular arcs. 

Once the path has been closed (step 210) the oper- 
ator can start another one (step 230) if the therapy rec- 
ommends treatment with fields that are differentiated in 
terms of dose and/or energy; the various fields thus 
formed can be concentric or separate. 

Once learning has ended, the apparatus is placed 
in the verification step, during which the operator enters 
(steps 240 and 260), the required dose and the corre- 
sponding energy for each field and the articulated struc- 
ture 51 constantly moves (steps 250 and 270) along the 
corresponding paths with its light beam. 

Once the verification step has ended, the steps for 
the irradiation of the various fields (steps 280, 290, and 
300) occur. These irradiation steps can be followed on 
the monitor of the processing means 40, which displays 
data related in real time to the path in progress, the per- 
centage of treatment performed, the dose given, and the 
remaining dose. 

This is followed by the end step 310. 

In the case of conventional irradiation, the operator, 
after moving the radiating head 32 close to the patient, 
and after setting the desired dose by virtue of the 
processing means 40, moves the radiating head 32 
towards the collimator cone that is used to protect the 
parts of the patient's body that are not to be irradiated 
from the electron beam, and begins the irradiation. 

In practice it has been observed that the apparatus 
according to the invention fully achieves the intended 
aim, since it allows to provide an apparatus for the linear 
acceleration of electrons that can be used directly in the 
operating room without particular protective measures. 
Furthermore, the apparatus according to the invention is 



much smaller, lighter, and cheaper than similar known 
apparatuses. 

The separation between the radiating head 32 and 
the modulation means 33, and their connection by 
means of the flexible waveguide 38, allow to provide an 
articulated mechanical arm 51 capable of positioning 
and moving in space the acceleration structure 39 and 
the radiating head 32 with extreme precision and in a 
very flexible manner. 

Control by means of an appropriately programmed 
computer 40 allows to set up the movement of the artic- 
ulated structure 51 so that the beam of electrons treats 
the entire tumoral mass, no matter how irregular it might 
be. 

The beam self-focusing characteristic, combined 
with the shape of the acceleration structure 32, make it 
unnecessary to have auxiliary external devices for regu- 
lating the beam (magnets, etcetera), thus allowing a very 
low X-ray level. This reduction in radiation allows to use 
the apparatus in operating rooms without particular 
shielding. 

The use of vacuum-tight braze welding to assemble 
the various acceleration cavities 26 that constitute the 
acceleration structure 32 allows to eliminate the external 
vacuum-tight jacket, thus reducing weight and size. 

The device thus conceived is susceptible of numer- 
ous modifications and variations, all of which are within 
the scope of the inventive concept. 

Thus, for example, since in the apparatus according 
to the invention the cross-section of the beam remains 
very small, the current of the beam must in turn be 
reduced considerably, on penalty of risking the delivery 
of an excessive local dose and therefore necrotizing the 
irradiated tissue. The need to reduce the intensity of the 
current can allow to eliminate the cathode 28 from the 
acceleration structure 39 by virtue of the known phenom- 
enon of cold extraction of electrons from a metallic mate- 
rial. This phenomenon consists of the fact that an intense 
electric field applied to a metallic material is able to 
extract a certain number of electrons from the outermost 
atomic orbits. The number of electrons that can be 
extracted, however, is not sufficient for the beam currents 
required by known accelerators. 

Finally, all the details may be replaced with other 
technically equivalent elements. 

In practice, the materials employed, so long as they 
are compatible with the specific use, as well as the 
dimensions, may be any according to the requirements 
and the state of the art. 

Where technical features mentioned in any claim are 
followed by reference signs, those reference signs have 
been included for the sole purpose of increasing the intel- 
ligibility of the claims and accordingly such reference 
signs do not have any limiting effect on the interpretation 
of each element identified by way of example by such 
reference signs. 
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Claims 

1 . An apparatus for the linear acceleration of electrons, 
particularly for intraoperative radiation therapy, char- 
acterized in that it comprises: 

-- an articulated structure for moving irradiation 
means that comprise an acceleration structure 
constituted by a plurality of cavities; 

- modulation means for generating, controlling, 
and transmitting a radio-frequency to said cav- 
ities of said acceleration structure; and 

- processing and control means adapted to 
control said apparatus, said modulation means 
being separate from said irradiation means, the 
connection occurring by virtue of waveguide 
means adapted to carry the radio-frequency to 
said acceleration structure. 

2. An apparatus according to claim 1 , characterized in 
that said waveguide means comprise a flexible 
waveguide adapted to connect said modulation 
means to said irradiation means. 

3. An apparatus according to claim 1 , characterized in 
that said articulated structure comprises a robot for 
the movement of said irradiation means, said robot 
being arranged on a supporting structure fixed to the 
ground. 

4. An apparatus according to claim 3, characterized in 
that said robot comprises four articulated segments 
that are movable with respect to each other and 
allow said irradiation means to move with six 
degrees of freedom. 

5. An apparatus according to claim 1, characterized in 
that it comprises processing means adapted to man- 
age said apparatus, said processing means being 
connected to said modulation means. 

6. An apparatus according to claim 1 , characterized in 
that said plurality of cavities of said acceleration 
structure are interconnected by means of vacuum- 
tight braze welds, the cavities from the first to the 
fifth one having increasing lengths, the subsequent 
cavities being identical in length, said plurality of cav- 
ities producing a self-focusing of the electron beam. 

7. An apparatus according to claim 6, characterized in 
that said acceleration structure comprises a cathode 
located in front of said first cavity and a titanium lam- 
ina located outside the last cavity. 

8. An apparatus according to claim 1 , characterized in 
that said modulation means comprise a magnetron, 
a radio-frequency modulator, and a cathode modu- 
lator adapted to enable said cathode. 



9. An apparatus according to claim 6, characterized in 
that said acceleration structure comprises a titanium 
lamina located outside the last cavity. 

5 10. An apparatus according to claim 1 , characterized in 
that said modulation means comprise a magnetron 
and a radio-frequency modulator. 

11. A process for performing intraoperative radiation 
10 therapy by using the apparatus for the acceleration 
of electrons defined in claims 1 to 10, characterized 
by the steps that consist of an instruction step, a 
learning step, a verification step, and a therapy step. 

75 12. A process according to claim 11, characterized in 
that said instruction step consists in making said 
apparatus follow manually the perimeters of the 
areas to be treated; in that said learning step con- 
sists in storing said perimeters on the part of said 

20 apparatus; in that said verification step consists in 
verifying said paths and in simultaneously entering 
the parameters that indicate, for each path, doses 
and energy of the electron beam used for the treat- 
ment; and in that said therapy step consists in per- 

25 forming the irradiation of said defined areas 
according to said set doses and energy. 
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(54) Apparatus for the linear acceleration of electrons, particularly for intra operative radiation 
therapy 

(57) An apparatus for the linear acceleration of elec- 
trons, particularly for intraoperative radiation therapy, 
including: 

- an articulated structure (51) for moving a radiat- 
ing head (32) that comprises an acceleration struc- 
ture (39) constituted by a plurality of cavities (26); 

- a modulator for generating, controlling, and trans- 
mitting a radio-frequency (34, 36) to the cavities 
(26) of the acceleration structure (39); and 

- processing and control devices (30) adapted to 
control the apparatus; the modulator (34, 36) is 
separate from the radiating head (32) and the con- 
nection occurs by virtue of waveguide means (38) 
adapted to carry the radio-frequency to the acceler- 
ation structure (32). 
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